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薄层，rMSCs 可在 Cr-Ag 和 Cr-Ag-HA 薄膜表面生长；应用微接触印刷术
（ μCP）在钛膜层表面制备了高分子图案钛 -聚赖氨酸 -聚乙二醇
（Ti-PLL-PEG），可控制 rMSCs 的黏附和生长。 
4. 采用多通道电流控制的选择性电化学沉积方法，可将 Ag、HA 和 Ag-HA 涂
层集成于同一钛 MEA 芯片上；对比钛微电极阵列表面的不同涂层与活细胞
相互作用的 EIS，并应用等效电路 Rmed(RoxQox)(RproQpro)(RcellQcell)进行拟合；





和 3500~3940 cm-1 出现一系列重现性良好的向下红外谱峰；相比于 Ge 和
Ge-TiO2，Ge-HA 与细胞有强的相互作用，产生一个归属于 P-O 不对称伸缩




















Microsystems and in-situ physicochemical methods are providing new 
opportunity and different sides in understanding of biological interface. The 
emphases of this thesis are to study bone cell-biomaterial interaction, by developed 
microfluidic chip, microelectrode array (MEA) chip, atomic force microscopy 
(AFM), electrochemical impedance spectroscopy (EIS) and attenuated total 
reflectance fourier transform infrared spectroscopy (ATR-FTIR). 
The main work covers: (a) culture of primary skull osteoblast and long bones 
Mesenchymal Stem Cells (rMSCs) from Kunming mouse and their application in 
biomaterial research; (b) investigation on effects of fluid states (static and flowing 
states) on osteogenic differentiation of human Mesenchymal Stem Cells (hMSCs) on 
microfluidic chip; (c) fabrication of micro-patterned thin films with physicochemical 
methods and micromachining technologies, to control cells adhesion and 
morphology characterized by in-situ AFM; (d) design and preparation of home-made 
electrolytic cells integrated with Ti MEA chip for high-throughput investigation on 
real-time EIS monitoring of interaction between composite biomaterials and cells, 
and (e) a novel approach of real-time ATR-FTIR monitoring developed to study the 
interaction between cells and biomaterials including TiO2 and hydroxyapatite (HA). 
The main results and progresses are outlined as follows: 
1. The cell culture experiment shows that the HA/MWCNTs composite has good 
biocompatibility and the electrochemically prepared OCP/protein coating 
exhibits an excellent cell attachment and growth. 
2. In both fluid states, cells survived for several weeks but showed different 
proliferation and differentiation. In the flowing state, cells growed fast but the 
formation of calcium nodes was less efficient. Under quasi static conditions with 
an initial cell density between 2×104 and 4×104 cells/cm2, both morphology 
micrographs and Alizarin Red staining images showed the best osteogenic 
differentiation. 















3-D cells morphology: when the height proportion between cells and micro 
pattern was less than 3.2, the cells showed micropatterned morphology 
according to substrates, and the proportion from 3.9 to 7.8 can not be used to 
control cells morphology. The thin metallic films in the thickness of 20~30 nm 
were deposited in order to be used as a substrate with both good transparency 
and electrical conductivity for synchronous microscopical and electrochemical 
monitoring. A thin film of Ag alone was harmful for rMSCs and could not be 
used as a substrate for electrochemical deposition of HA. Micropatterned 
Cr-Ag-HA was fabricated by electrochemical deposition and photolithography. 
The rMSCs can be cultured on both Cr-Ag and Cr-Ag-HA thin films. 
Micro-contact printing (μCP) was used to fabricate Ti-PLL-PEG patterns which 
could control adhesion of rMSCs. 
4. Selective electrochemical deposition based on a novel procedure of 
multichannel current control was used to fabricated Ti MEA chip integrated with 
Ag, HA and Ag-HA. The EIS of MG63 cells on different surfaces on the MEA 
chip was monitored. The equivalent circuit Rmed(RoxQox)(RproQpro)(RcellQcell) was 
used to obtain satisfactory fitting results. The existence of coatings and 
proliferation of cells influenced the interface phenomenon between Ti and 
solution. The element Rcell can be related to the biocompatibility of coatings and 
proliferation of cells.  Better biocompatibility was evaluated according to the 
Rcell values in the following order: Ti-Ag-HA>Ti-HA>Ti-Ag>Ti. 
5. The strong IR absorption of water and medium greatly interfered with the 
complete spectrum obtained from live cells. The IR absorption variation of 
adherent cells at room temperature was monitored. Many reproducible 
downward peaks at 1370~2000 and 3500~3940 cm-1 were observed. Compared 
to Ge and Ge-TiO2, a new IR absorption band at 1016~1079 cm-1 in the spectra 
of cells on Ge-HA indicated the stronger interaction between Ge-HA and cells. 
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